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ABTRACT 
This report describes studies of the impregnation of porous nickel plaques with the ac- 
tive materials of the nickel cadmium cell. The variables considered were: solution concen- 
tration, pH, temperature, cathodization current, and drying temperature. The plates were ex- 
amined for uniformity of weight gain, capacity, and utilization, Selected plates were subjected 
to chemical analysis to determine the stoichiometry of the active materials. For the positive 
plates, the uniformity of the weight gain was good in all cases; also, the weight gain was not 
very dependent on solution concentration. Capacity, however, was contingent on the concentra- 
tion of the impregnation solutions, indicating that the utilization of the positive active material 
was quite dependent on its morphology. The weight gain was greatest for those plaques prepared 
without cathodization, but these plates also showed the lowest utilization factor. 
The weight gain of the negative plates was, in all cases, higher than the positives pre- 
pared under similar conditions. The figures are greater than can be explained by the higher 
molecular weight of Cd( OH) 2, and must reflect a denser precipitation for the negative active 
material. The uniformity of weight gain was not as good as that of the positives, particularly 
for the more concentrated impregnation solutions. For those plates that were cathodized, the 
extent of conversion of Cd( OH) 2 to cadmium also varied as a function of position in the plate. 
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I. INTRODUCTION 
The aim of this program is the definition of a systematic procedure for producing uni- 
form components for nickel cadmium cells. The first phase (described in earlier reports’) 
emphasized the production of uniform porous nickel plaque by both loose sintering and a s lu r ry  
coating process, and the deveIopment of experimental techniques to identify uniform physical 
characteristics. Of the two processes, the slurry coating process is preferred for production 
of plaque to be used in a study of the factors considered important in the impregnation of plaque 
with active materials to produce battery plates. 
The basic approach in the impregnation process is to precipitate the hydroxides of cad- 
mium o r  nickel in the pore structure of the nickel plaque. Several methods, borh chemical and 
electrochemical, a r e  available to accomplish this, and at first sight it is a relatively simple 
procedure. Performance, however, is a function of the quantity and distribution of the active 
material in the pore structure and of the morphology of the deposit. In the case of the positive 
plate, the stoichiometry of the active material and its crystal water content can also vary, 
Since we are seeking uniform behavior, it is worthwhile to examine the nature of the 
active materials in some detail. The positive active materia1 in the discharged state is well 
characterized as divalent nickel hydroxide. Ni( OH) z is isomorphous with the cobalt compound, 
Co( OH) 2, and has a lattice of the CdIz type.” This is a layer structure in which every Ni atom 
is surrounded by six hydroxyl groups. Every hydroxyl group in turn forms three bonds to N i  
atoms in its own layer and, at the same time, is in contact with three hydroxyls of the adjacent 
layer. Ni( OH) 2 generally contains varying amounts of water up to Ni( OH) 201.5 Hz0. 
A significant advance was made when Bode, et aI., 3 following works of Feitknecht,4 
were able to identify the hydrated and nonhydrated forms of the discharged material by differ- 
ences in the X-ray patterns. The two forms, Ni( OH) 2 and Ni( OH) 201.5 HzO, a re  designated 
p Ni( OH) 2 and a! Ni( OH) 2, respectively. The a! Ni( OH) 2, on oxidation, gives an X-ray pattern 
identical in all respects to that of y NiO. OH* reported by Glemser and Einerhand.5 The water 
of hydration is assumed to be occluded in the layer lattice, increasing the layer separation and 
thereby giving a distinctive X-ray pattern. The a! Ni( 0 H ) z  occurs as the freshly precipitated 
*The notation of a! Ni( OH) z for the hydrated discharged state and Y NiO OH for the 
related charged form will be retained in this presentation to remain consistent with the original 
literature. 
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form of the active material on the discharged state after cycling which has involved extensive 
overcharge, i.e., the normal cycling mode in a sealed cell, in descriptive terms, is between the 
y NiO OH and aNi( OH)2. 
The p Ni( OH)2 which is formed by aging of the a! form (drying plates at elevated tempera- 
tures accelerates this change) gives, on oxidation, the trivalent nickel oxide p NiO * OH; over 
charge then brings about a gradual change to the y NiO *OH. The y form, which exits in an 
oxidation state greater than three, then generates the a! Ni( on discharge. 
It has been suggested that the higher oxides derived are stabilized by the presence of 
positive ions between the lattice layers, 
"interstitial" position in the layer lattice structure equivalent to the position of the water in 
aNi( OH) 2. The stability of the higher valence forms of YNi( OH) 2 is dependent on the presence 
of concentrated alkali electrolyte. The distribution of potassium in charged positive active 
material has been confirmed by the electron microprobe studies of Kober? It is in this context 
that other additive ions could be of considerable interest in achieving high temperature stability. 
At normal temperatures, the charged hydrated form (y  NiO * OH) is stable, probably be- 
cause of hydrogen bonding. Infrared measurements'show hydrogen bonding of OH groups in the 
lattice, but these bonds are absent in the completely discharged state. Dehydration of the diva- 
lent a!Ni(OH)2 can therefore occur relatively easilf and, according to Bode:'irreversibIy in con- 
centrated KOH a t  elevated temperatures, Under normal circumstances, However, the p form is 
converted to the a! form in the first few cycles (the forming process), through this conversion is 
inhibited in lithiated KOH. 
The exact nature of the charge-discharge mechanism is still a matter of dispute. 
One view is that the charging process may be regarded simply as the replacement of OH- in the 
lattice of 02', which involves proton migration only. However, determination of the overall 
stoichiometry and measurements of the reversible potential imply that the transition that should 
be considered is 
e.g., [ Ni303( OH) 31 ( OH) 2K, where K+ occupies an 
l l r 1 2  
Ni( OH) 20.HzO + NiOoOH + H30+ 
For this mechanism, the mobile species would be H,O+, probably as  proton migration 
and separate diffusion of water. The rate  of diffusion of water is likely to depend on the inter- 
layer lattice separation. The nature of the positive active material is then dependent on its 
crystalline form, which in turn depends on the conditions of precipitation and the initial charge- 
discharge cycles. 
The nature of the negative active material is more straightforward - the charged state 
is metallic cadmium and the discharged state is Cd( OH) 2 ,  i.e., there is no problem in defining 
stoichiometry. There is some question about the role of CdO in the discharge mechanism. 
This has been discussed, for example, by Casey and Lake,13 Croft and Tuomi,14 Langer and 
Ohse, and Breiter and Weininger, but it is probably not relevant to this work in terms of 
defining the optimum impregnation conditions for uniform behavior. Two crystalline forms of 
Cd( OH) 2 exist: the c6 form, and a form fairly recently identified by Glemser, Hauschild, and 
15 16 
- 2 -  
Richert’? and called y Cd( OH) 2.  Glemser, et al., prepared y Cd( OH) 2 by the hydrolysis of 
cadmium dimethyl, but there a re  indications that Y Cd( OH) 2 can be precipitated under certain 
impregnation conditions. The relative importance of y Cd( OH) 2 in cycling behavior has not 
been defined. Gottlieb” has described circumstances in which charge acceptance in the first 
cycle a t  low temperatures is markedly decreased compared to normal temperature operation, 
but recovers in subsequent cycles. From this we may infer that the characteristics of Cd( OH) 2 
are quite dependent on the conditions under which i t  is precipitated. This could apply equally 
well to the chemical precipitation during impregnation as to the ” electrochemical precipita- 
tion during discharge. 
18 
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11. METHODS OF IMPREGNATION 
A. Introduction 
Several methods are available for the impregnation of porous nickel plaque to produce 
the positive and negative plates of a nickel cadmium cell. Three are basically similar and in- 
volve vacuum impregnation with nickel or  cadmium nitrate solution in the presence of nitric 
acid. These methods differ only in the process by which the nitrates are  converted into the 
hydroxides. The other methods rely on electrochemical techniques. 
In the method described by Fleischer;' the plaque, after impregnation with a near- 
saturated solution of the nitrate, is immersed immediately in KOH with simultaneous cathodi- 
zation. The influence of cathodization is to reduce the nitrate ions to ammonium ions, and 
thereby increase the pH of the solution deep in the pore structure and precipitate the  hydroxide 
more efficiently. Cathodization also removes the nitrate ions which, if  occluded in the active 
mass, could contribute to self-discharge in cells subsequently fabricated from these plates. 
The process is repeated as many times as is necessary (usually four to five times) to obtain 
the desired weight gain and capacity. 
Cathodization, however, is not essential if, after impregnation, the plaques a re  dried 
prior to immersion in the hot KOH. This is one of the preferred methods in commercial plate 
fabrication. A further variant, f i rs t  described by Casey, et a1," involves partial ther- 
mal decomposition of the nitrates at approximately 200 "C prior to immersion in KOH. For 
this process, the plaques a re  impregnated with nitrate salt dissolved in its own water of crys- 
tallization by heating. This process has the advantage that fewer impregnation cycles a re  
required. The specific capacity is quite dependent on the temperature of the thermal decom- 
position. All of the above processes result in significant corrosion of the porous nickel sub- 
strate. 
Of the electrochemical methods of impregnation, the Kandler process was the first 
to be described in the literature. This process depends on a shift in pH in the nickel nitrate 
solution in the pore structure of a plaque produced by the cathodic reduction of the nitrate to 
ammonium ions. The net effect is precipitation of Ni( OH) 2. Laboratory studies of this method 
have been described by Hausler' ' and McHenrye2 The indications a re  that relatively high 
specific capacities can be obtained in the latter case in quite short times. K ~ b e r ~ ~  has de- 
scribed an electrolytic methodin which anodizing a plaque in an ammoniacal solution of nickel 
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formate resulted in precipitation of Ni( OH) 2 e Positive active material has also been obtained 
by corrosion of a nickel substrate in carbonate or acetate solutions, but this method produces 
electrodes of low specific capacity that a re  only suited to laboratory investigations. 
B. Experimental Methods 
Our overall experimental program consists of an analysis of the influence of solution 
concentration, residence time, temperature and current density, and loading on the uniformity 
of distribution of active material and its capacity and efficiency on cycling. The specific objec- 
tives a re  to determine: 
1. The effect of loading on uniformity of weight gain 
2. The effect of loading on capacity and efficiency 
3. The extent of corrosion of the substrate and its effect on performance. 
It is also intended to study the influence of plaque characteristics (thickness and poros- 
ity) and sintering conditions on the uniformity of active material distribution and its efficiency 
on cycling. Since the number of variables precludes a full factorial study, they will be studied 
selectively. The work presented in this report describes preliminary studies intended to define 
+e basic impregnation processes. The work was carried out with plaque prepared at Tyco by 
the slurry coating process and with plaques provided by NASA. The Tyco material was derived 
from two separate coating operations, each of which was shown to have uniform physical char- 
acteristics, though there were minor differences in porosity and thickness between the two 
preparations ( see data sheets). The plaques provided by NASA were characterized in terms of 
thickness, porosity, and mechanical strength prior to use. 
The plaques were 11 by 7 cm and were approximately 0.076 cm (0.030 in.) thick. Prior to 
impregnation, they were vapor degreased in trichlorethylene. (The Tyco prepared plaque, which 
had been stored under clean conditions out of contact with air, probably did not require this clean- 
ing step, but it was instituted as a standard procedure to provide a common baseline for compari- 
son with other materials.) 
The equipment used for the impregnation process is shown in Fig. 1. It consists of an 
impregnation tank and reservoir for the impregnation solution. The vacuum lines permit the 
transfer of the impregnation solution to and from the impregnation tank. The plaques were 
mounted on a terminal post at the commencement of the process and inserted in the impregna- 
tion tank. 
The tank was then opened to atmospheric pressure. After a 5-min soak period, the plaque was 
transferred directly into the KOH solution. The terminal post was inserted into a sleeve in the 
lid of the KOH bath and the necessary cell connections made before immersion. The KOH solu- 
tion was open to the atmosphere only during the immersion of the electrode. At all other times, 
the surface of the solution was blanketed with NZ to prevent carbonate buildup. After immer- 
sion in KOH for 20 min, the plaque was removed into a beaker of distilled water. Subsequently, 
the plates were thoroughly washed by forcing distilled water through the plaque until the wash 
The jar was evacuated for 5 min before the impregnation solution was drawn in. 
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Vacuum 
Impregnation 
tank 
Fig. 1. Vacuum impregnation apparatus 
Teflon beaker 
(reservoir) 
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water in contact with the plate had a pH less than 8.0. No loss of active material was observed 
in this process, but if any losses did occur, we may assume that it was loosely adherent mate- 
rial that might not cycle efficiently. The plate was then dried and weighted and the impregnation 
process repeated until the desired loading was achieved. The baseline conditions for this process 
were: near-saturated nickel nitrate, 1534.6 g Ni(OH3) 2 * 6 H2 0 dissolved in 465.4 ml water with 
4 ml of '70% nitric acid, 25% KOH a t  80 "C, with a cathodization current of 150 mA/cm2. 
These same conditions applied in the alternative approach in which there was not cath- 
odization in the KOH. The intermediate drying step of this method consisted of either drying 
overnight at 60 "C o r  for 2 to 3 hr at 80 "C. 
in 544 ml of water with 4 ml of '70% nitric acid. 
For negative plates, the baseline solution was made up from 1456 g of Cd( NO3) 2 4 H a 0  
In the preliminary investigation of electrochemical methods, we have used the solution 
for the Kandler process, and concentrations and current densities recommended by Hausler' 
the 4M Ni( N o s )  z solution as studied by M~Henry. '~  
The experimental results a r e  presented in the following data sheets. The information 
recorded includes brief information on the plaque, the conditions of impregnation, the weight 
gajn per cycle, and the capacity measured at  the C and C/5 rates. The quoted capacities a re  
based on the discharge cycle after 100% overcharge. The plates were cycled until successive 
cycles gave concordant results ( this was usually within two cycles and always within four). The 
assessment of uniformity was based on the weight gain per unit area of three sections of the 
plate. Capacity measurements on several sections of the plate will be carried out in the future  
when automatic cycling and testing equipment has been installed. Theoretical capacities were 
based on a nickel valence change of 1.5 and a cadmium valence change of 2. Analytical tech- 
niques a re  being developed to define the valence of the positive active material in the charged 
state. These will be reported on in the future. 
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111. EVALUATION OF IMPREGNATION METHODS 
A. Positive Plates 
The general philosophy underlying this work is to achieve control of the precipitation of 
active material in the porous substrate so that the process will be reproducible and will pro- 
duce uniform plates. These objectives a re  not necessarily compatible with the achievement of 
maximum specific capacity, but since the analysis of the weight gain per unit area for sections 
of each plate indicates an agreement to better than *0.5%, the  most convenient basis for com- 
parison is in terms of maximum specific capacity, In future evaluations, the direct measure- 
ment of capacity of several areas of the plate will be used as  the criterion of uniformity. 
If we examine first the weight gain recorded for the different impregnation conditions 
(data sheets*Pl through P20 and Table I) ,  we may note that the more concentrated solutions do 
not always produce the greater weight gains. For example, in impregnation P7, we observe 
the largest weight gain for a Tyco plaque after five impregnations, yet this impregnation was 
carried out with the nickel nitrate solution only 50% saturated. Similarly, the weight gain for 
plate P8 is greater than that of P6, even though the more concentrated solution was used in the 
latter case. Impregnations p9 and P10 show a significantly lower weight gain compared to the 
other specimens. This appears to be related to the use  of nitric acid in the nickel nitrate solu- 
tion. In all cases in which the nitric acid was omitted ( e.g., compare P1 and P3, or P12 and 
P14), a greater weight gain was recorded. 
The increased weight gain in the absence of nitric acid did not, however, result in in- 
creased capacity. If we consider the examples quoted above, the utilization factor for impreg- 
nation P1 was 70%, resulting in a measured capacity of 0.161 Ahr/cm3; although that of im- 
pregnation P3 ( a  more lightly loaded plate) was 89% and produced a measured capacity of 
0.166 Ahr/cm3. 
In general, the weight gains show less variation with impregnation conditions than the 
measured capacities, i.e., the utilization of the active material is quite dependent on the con- 
ditions under which it was precipitated. It should also be pointed out that from the limited 
amount of information available ( see, for example, sample P8) utilization does not appear to 
be a function of loading. Also, we may compare sample P9, which has the lowest loading of 
the Tyco plaques, and P1, which has  the highest loading for five cycles, and note that the latter 
has a better utilization factor, despite its higher loading. 
* 
See Appendix I. 
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Among the other variables examined, the lower concentrations of nickel nitrate and 
potassium hydroxide produce lower utilization factors ( lower capacities) - with the exception 
of P11, which represents the only example of both solutions being used at their lowest concen- 
tration. In this particular case, the weight gain was low, but the utilization was 78%. I t  ap- 
pears that the ratio of the concentrations of the reactants is the important factor in determin- 
ing utilization. The temperature of the KOH bath has little effect ( see, for example, P3 and P5, 
or  P9 and P10) , though we can probably express a preference for the higher temperature pro- 
cess. 
An analysis of the effect of plaque properties on the impregnation process is difficult. 
In theory, it should be possible to compare the capacities per unit volume of the Tyco plaques 
and those supplied by NASA. In practice, this is difficult because the effective thickness of the 
porous mass of the Tyco plaques is different from the apparent thickness measured by a micro- 
meter. As has  been discussed in previous reports, ' the porous mass of the Tyco plaques is 
recessed between the strands of the screen. The effective thickness has been determined by 
mercury penetration experiments and, if this thickness is used (0.0197 in. for S-23 and 0.0226 
in. for S-24) in place of the micrometer figures quoted in the data sheets, then comparable 
figures are obtained for both sets of plaques. If we compare samples P14 and P15, for which 
the plaque sintering conditions were  950 "C for 20 min and 900 "C for 20 min, respectively, 
we find a significant difference between the two plates. The  plate sintered at the higher tem- 
perature showed a higher capacity for essentially the same weight gain. However, further 
plate preparations should be made before making any definite conclusions. 
We have also examined briefly the influence of cathodization on the impregnation pro- 
cess. The two plates prepared without cathodization, samples P16 and P19, showed the great- 
es t  weight increase of this series of impregnations. In the case of P16, the second highest 
capacity was recorded ( the utilization factor was 70%). For sample P19, however, the utiliza- 
tion factor was only 40%. This sample was prepared in the presence of HNO3, i.e., the effect 
of the acid was the opposite of that in the presence of cathodization. 
B. Negative Plates 
The weight gains registered for the negative plates are (for the same number of impregna- 
tions) greater than those of the positive (see Data Sheets in Appendix I1 and Table 11). This dif- 
ference is greater than can be explained by the difference in molecular weight, and must reflect 
the greater density of the negative active material. The plates impregnated with cathodization 
show a uniform incremental weight gain until the fifth cycle. Those prepared without cathodiza- 
tion have high initial weight gains, but show a significant drop in pickup after two cycles ( see, 
for example, plates N1 and N3) e The pronounced difference in behavior is a result of the partial 
conversion of Cd(OH)2 to Cd by the cathodization process. This has two effects: (1) for the same 
amount of electroactive material, the weight gain is less when Cd is produced, and ( 2) metallic 
cadmium is more dense than Cd(OH)Z, so that the residual porosity is higher. This permits great- 
er solution pickup in the succeeding impregnation cycle. Direct comparison of weight gains by the 
two methods is therefore not very meaningful. 
- 11 - 
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The uniformity of distribution of active material in the negative plates is not as good as 
with the positive plates, which showed less than &0.5% variation. This degree of uniformity was 
observed only with plate N2. In the other cases, variations of up to 10% were apparent. How- 
ever, definite trends can be noted in the distribution for those plates impregnated with the more 
concentrated solutions with cathodization. In each case, the center portion of the plate ( section 
B) showed the greatest weight gain. It appears that the distribution of current during cathodiza- 
tion influences the local weight gain, though one of the plates prepared without cathodization 
also showed the largest weight gain in the center portion of the plate. 
Chemical analysis of the plates to determine the quantities of Cd and Cd(OH)2 separately 
were carried out on a selective basis. The results of determinations on sections A and C are 
given in detail for plates N1, N2 and N5 in Table 111. Section A is close to the current collector, 
section C is adjacent to the edge furthest away from the current collector. These measurements 
were necessary in order to calculate the theoretical capacities and were carried out before the 
trend in weight gain described above was discerned. Measurements will be made on section B, 
but this information is not currently available.) It is apparent, however, that the ratio of 
charged to discharged states is, with the exception of N1, reasonably uniform for the two sec- 
tions examined. 
The ratio varies considerably from plate to plate. For N2, the ratio of Cd to Cd(OH)2 is 
-2.0 on a weight basis. For N5 and section C of N1, it is closer to 3.0. This difference could be 
a function of the temperature of the KOH bath (this point will be examined in more detail in 
future experiments). * 
Capacity measurements were made at the C rate. More difficulty was experienced in 
getting concordant values for successive cycles than was the case with the positives. In some 
cases, up to six cycles were necessary, whereas with the positives, there was usually good 
agreement between the second and third cycles. Highest capacities were obtained under condi- 
tions that corresponded closely to those used on a production basis, i.e., near-saturated 
Cd( NOS) 2 and 25% KOH at 80 "C. The presence of acid in the impregnation solution has little 
influence on capacity o r  utilization, ( From a large scale production point of view, the acid is 
required to prevent sludge formation in the impregnation solution.) 
plaque would be expected in the absence of acid. 
Less corrosion of the 
The other conclusions that can be drawn from the brief data available a re  that very 
much lower capacities are obtained with the lower concentrations of reactants ( this  is a result 
of low weight gain and a low utilization figure) e Conversion in KOH at the higher temperature 
is to be preferred. 
Higher capacities a re  obtained with cathodization. Weight gains are apparently com- 
parable with and without cathodization, but it must be remembered that the active material 
without cathodization is Cd( OH) 2 as opposed to Cd + Cd( OH) 2. The utilization factor did not 
show significant variation for the higher capacity plates, i.e., utilization did not decrease as  the 
loading increased. 
*. lee., complete discharge in 1 hr, based on capacity measured in the previous discharge cycle. 
- 13-  
Table 111. Ratio of Cd(0H) 2 /Cd as a Function of Position 
N1 
N2 
N5 
Section A Section C 
Cd, Cd( OH)z, Ratio Cd, Cd(OH)z, Ratio 
wt% wt% Cd( OH)z/Cd wt% wt% Cd(OH)z/Cd 
49 49 1.0 29 71 2.5 
36 64 1.8 32 68 2.1 
25 75 3.0 25 75 3.0 
C. Electrochemical Methods 
Several plates were prepared by electrochemical precipitation of nickel hydroxide ( see 
Table IV) . With the exception of the data presented here for EP3, EP6, EP7, and EP9, they 
showed nonuniform characteristics such as black deposits at the edges and strongly adherent 
green deposits on the surface of the plaque at the center. 
Plate EP3, prepared by the Kandler method, showed a capacity comparable to plates 
prepared by the KOH conversion process. The weight gain, however, was not particularly uni- 
form, and showed a 10% variation with the largest weight gain close to the current collecting 
edge of the plate. This is surprising in view of the low current density used. The capacity 
values showed an inverse effect - an area of the plate close to the current collecting edge 
showed a capacity only half that of the opposite edge. This represents utilization figures for 
the active material of 84% and 52%, respectively. Since the prime objective of the program is 
uniformity, we made a preliminary examination of the experimental conditions defined by 
McHenry. This method has proved to be difficult to control to get a visually uniform plate. A 
brief examination of satisfactory plates indicates that reasonable capacities can be obtained in 
a relatively short time, but that the utilization factor is low. It appears that to obtain better 
control of this process, we shall need to define the cell geometry more rigorously than the 
simple immersed electrode configuration that was used for the above preparations. 
- 14- 
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IV. ANALYSIS FOR ACTIVE MATERIALS 
In addition to determining the weight gain on impregnation to check reproducibility and 
uniformity, it is of interest to be able to analyze the active materials in the battery plates. 
The principal reason for this interest is that the active materials are of ill defined valence 
from the outset. Under different impregnation conditions, equality of weight gain does not 
necessarily reflect equal available capacity in the plates. Ideally, analytical methods that can 
differentiate between the charged and discharged states in the active materials are needed. We 
may then determine the real utilization of the active material (i.e., in mAhr/g rather than a 
percentage of the capacity exhibited in the formation cycle) initially and at any time during the 
cycle life of the plates. Analysis in this manner will also permit a determination of the extent 
of corrosion of the porous nickel substrate during impregnation o r  as a function of cycle life. 
For the negative active material, these objectives can be realized since, a s  is set out 
below, we may analyze separately for Cd and Cd( OH) z and also the nickel substrate. This 
separation depends on a capability to form a soluble complex of the cadmium present in ionic 
form [ i.e., the Cd( OH) 2.1 without effecting dissolution of the metallic cadmium. 
The positive active material is more difficult to examine, since both the charged and 
discharged states are ionic in nature and cannot be separated by complexation. It is possible 
to dissolve out the whole of the positive active mass, but this process must be carried out with 
care, because anodic dissolution of the nickel substrate can occur as a result of electrochemi- 
cal coupling with the normal discharge process or with dissolved oxygen. It is essential to ex- 
clude 0 2  and to ensure that the active mass is in a fully reduced form, i.e., Ni( OH) 2 .  
These conditions can be realized for the plates immediately after impregnation, i.e., 
before cycling. However, once the positive active material is charged, it is never completely 
reduced (discharged) to the divalent state. Although electrochemically inactive in the dis- 
charge process, this higher valence material could be activated by dissolution of the dis- 
charged material [ Ni( OH) Z ]  by which it was isolated from the electrode. It is then available 
to promote the dissolution of the metallic nickel substrate. 
Our first approach was to attempt to reduce completely the elecwode or adsorbed layers 
of oxygen chemically by the addition of hydrazine o r  sodium borohydride. In the first case, the 
hydrazine was ineffective at the relatively high pH, if used in the Muspratt solution. If used 
separately at lower pH, some active materia1 was lost as the hydrazine complex. In the second 
- 17 - 
case, there were complicated side reactions with the decomposition products of the boro- 
hydride. 
A successful alternative approach was evolved in which the possibility of Ni dissolution 
was eliminated by potentiostating at a low positive potential during the extraction with Muspratt 
solution. A voltage scan was carried out to define the range of potentials in which neither 
nickel dissolution nor nickel deposition could take place (after a significant amount of divalent 
nickel had been dissolved). No steady state current was observed in the range -25 to -1-50 mV 
versus RHE after the initial reduction of 0 2 ,  though occasional cathodic excursions were 
observed. More information on this method of analysis will be presented in the future when a 
more thorough evaluation has been carried out. 
- 18 - 
V. FUTUREWORK 
The immediate program will consist of more specific studies of ( 1) the effect of loading 
on uniformity of weight-gain, and ( 2) the effect of loading on capacity and efficiency - for each 
of the impregnation methods for both positive and negative plates. 
Detailed chemical analysis of the plates will be undertaken to define the utilization of 
active material on cycling and the stoichiometry of the positive active material precipitated 
under different impregnation conditions. 
- 19 - 
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Appendix I 
IMPREGNATION OF POSITIVE PLATES 
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DATA SHEET 
Impregnation PI 
Plaque S-24 (F-3)  
Thickness, in. 0.030 
Weight, g 13.415 
Size, cm2 65.9 
Weighdunit area, g/cm2 0.2036 
Sintering conditions : temperature, O C 900 
time, min 30 
Impregnation conditions : 
at 150 mA/cm2 
Saturated Ni( NOJ) 2 ,  25% KOH at 80 * C, cathodized 
Cycle 1- 0.741 
2- 0.726 
3- 0.670 
4- 0.620 
Weight Gain, g 
Cycle 5- 0.395 
6- - 
7- - 
8- - 
Total : 3.182 
Weight active m a t e r i a l b i t  area, g/cm2 0.0482 
Weight active material/unit volume, g/cms 0.6421 
Total weighdunit area, g/cm2 : section A- 0.2476 
B- 0.2500 
C- 0.2526 
Theoretical capacity (section A ) ,  A hr/cm2 0.01 74 
Measured Capacity 
A hr/cm2 0.0121 (C rate) 
A hr/cm3 0.123 (C rate) 
0.01 34 A hr/cm2 (C/5 rate) 
- 2 5 -  
DATA SHEET 
Impregnation P2 
Plaque S-24 
Thickness, in. 0.028 
Weight, g 13.963 
Size, cm2 69.5 
Weighthnit area, g/cm2 0.2008 
Sintering conditions : temperature, O C 900 
time, min 30 
Impregnation conditions: 
at 150 mA/cm2 
saturated Ni(NO3) 2 ,  25% KOH at 25 "C; cathodized 
Cycle 1- N/A 
2- N/A 
3- N/A 
4- N/A 
Weight Gain, g 
Cycle 5- N/A 
6- N/A 
7- N/A 
8- N/A 
Total : N/A 
Weight active m a t e r i a l h i t  area, g/cm2 
Weight active material/unit volume, g/cmS N/A 
Total weighthnit area, g/cm2 : section A- 0.2395 
B- 0.2439 
C- 0.2347 
N/A 
Theoretical capacity (section A) A hr/cm2 0.0159 
Measured Capacity 
A hr/cm2 0.0106 
A hr/cm3 0.1549 
- 26- 
DATA SHEET 
Impregnation P3 
Plaque 5-23 (B-2) Size, cm2 59.24 
Thickness, in. 0.028 Weighthnit area, g/cm2 0.1768 
Weight, g 10.477 
Sintering conditions : temperature, O C 900 
time, min 30 
Impregnation conditions: saturated N i ( N 0 3 ) z  +HNOs, 25% KOH at 80 "C, 
cathodized at 150 mA/cm2 
Cycle 1 - 0.550 
2- 0.316 
3- 0.403 
4- 0.186 
Weight Gain, g 
Cycle 5- 0.303 
6- - 
7- - 
8- - 
Total : 1.758 
Weight active m a t e r i a l h i t  area, g/cmz 0.0296 
Weight active material/unit volume, g/cm3 0.423 
Total weighthnit area, g/cm2: section A- 0.2095 
B- 0.2138 
C- 0.2125 
Theoretical capacity (section A) , A hr/cm2 0.0131 
Measured Capacity 
A hr/cm2 0.0116 0.127 A hr/cm2 (C/5 rate) 
A hr/cm3 0.1664 
- 27 - 
DATA SHEET 
Impregnation P4 
Plaque S-23 (D-1) 
Thickness, in, 0.028 
Weight, g 14.344 
Size, cm2 80.6 
Weight/unit area, g/cm2 0.1779 
Sintering conditions : temperature, O C 900 
time, min 30 
Impregnation conditions: saturated N i ( N 0 3 )  2 +HNO3, 25% KOH at 80 "C,  
cathodized at 150 mA/cm2 
Cycle 1- 0.698 
2- 0.591 
3- 0.459 
4- 0.396 
Weight Gain, g 
Cycle 5- 0.420 
6- - 
7- - 
8- - 
Total : 2.564 
Weight active material/unit area, g/cm2 
Weight active material/unit volume, g/cm3 0.452 
Total weight/unit area, g/cm2 : section A- 0.2209 
B- 0.2164 
C- 0.2156 
0.0318 
Theoretical capacity (section A) , A hr/cm2 0.0176 
Measured Capacity 
A hr/cm2 0.0114 (C rate) 0.0119 A hr/cm2 (C/5 rate) 
A hr/cm3 0.1624 
-28- 
DATA SHEET 
Impregnation P5 
Plaque S-24 (D-3) Size, cm2 93.4 
Thickness, in. 0.028 Weight/unit area, g/cm2 0.1992 
Weight, g 18.616 
Sintering conditions : temperature, O C 900 
time, min 30 
Impregnation conditions : 
cathodized at  150 rnA/cm2 
saturated N i (  NOS) 2 + HNOS, 25% KOH at 25 O Cy 
Weight Gain, g 
Cycle 1- 0.666 Cycle 5- 0.180 
2- 0.681 6- - 
3- 0.686 7- - 
4- 0.482 8- - 
Total : 2.715 
Weight active materialhnit area, g/cm2 0.0291 
Weight active material/unit volume, g/Cm3 0.409 
Total weight/unit area, g/cm2 : section A- 0.2374 
B- 0.2439 
C- 0.2442 
Theoretical capacity (section A) ,  A hr/cm2 0.0119 
Measured Capacity 
A hr/cm2 0.0104 
A hr/cm3 0.1458 
-29- 
DATA SHEET 
Impregnation P6 
Plaque S-24 (B-1) 
Thickness, in. 0,028 
Weight, g 18.513 
Size, cm2 91.4 
Weighth i t  area, g/cm2 0.200 
Sintering conditions : temperature, "C . 900 
time, min 30 
Impregnation conditions : saturated Ni(  NOS) + HN03, 25% KOH at 80 C, 
cathodized at 150 mA/cm2 
Weight Gain, g 
Cycle 1- 0.828 Cycle 5- 0.600 
2- 0.702 6- 0.380 
3- 0.522 7- 0.204 
4- 0.578 8-  0.161 
Total : 3.975 
Weight active material/unit area, g/cm2 
Weight active material/unit volume, g/cm3 
Total weight/unit area, g/cm2 : section A- cL2528 
0.0435 
0.612 
B- 0.2507 
C- 0.2475 
Theoretical capacity (section A ) ,  A hr/cm2 0.0206 
Measured Capacity 
A hr/cm2 0.0162 (C rate) 0.0162 A hr/cm2 (C/5 rate) 
A hr/cm3 0.2287 
- 30- 
DATA SHEET 
Impregnation P7 
Plaque S-24 (D-1) 
Thickness, in. 0.028 
Weight, g 13.6660 
Size, cm2 67.4 
Weigh th i t  area, g/cm2 0.2027 
Sintering conditions : temperature, "C 900 
time, min 30 
Impregnation conditions: 
cathodized at 150 mA/cm2 
50% saturated Ni (N03)~ ,  25% KOH at 25 "C, 
Cycle 1 - 1 *001 
2- t 
3- 0.5021 
4- 0.4346 
Weight Gain, g 
Cycle 5- 0.3559 
6- - 
7- - 
8- - 
Total : 2.2927 
Weight active materialhnit area, g/cm2 0.0340 
Weight active material/unit volume, g/cmS 0.475 
Total weight/unit area, g/cm2: section A- 0.2339 
B- 0.2297 
C- 0.2305 
Theoretical capacity (section A),  A hr/cm2 0.0127 
Measured Capacity 
A hr/cm2 0.0083 ( C  rate) 0.0090 A hr/cm2 (C/5 rate) 
A hr/cm3 0.1164 
- 31- 
DATA SHEET 
Impregnation P8 
Plaque S-24 (B-4) 
Thickness, in. 0.028 
Weight, g 13.2850 
Size, om2 65.9 
Weight/unit area, g/cmz 0.2017 
Sintering conditions : temperature, O C 900 
time, min 30 
Impregnation conditions: 
cathodized at 150 mA/cm2 
50% saturated Ni(NOs)z,  25% KOH at 80 "C, 
2- 
3- 0.3537 
4- 0.3872 
Weight Gain, g 
Cycle 5- 0.3585 
6- 0.2570 
7- 0.4523 
8-  0.6998 
Total : 3.1204 
Weight active material/unit area, g/cm2 
Weight active material/unit volume, g/cms 0.665 
Total weight/unit area, g/cmz : section A- 0.2423 
B-  0.2479 
C- 0.2272 
0.0473 
Theoretical capacity (section A), A hr/cm2 0.0161 
Measured Capacity 
A hr/cm2 0.0108 0.0126 A hr/crn2 (C/5 rate) 
A hr/cms 0.1532 
eight cycles 
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DATA SHEET 
Impregnation P9 
Plaque S-23 (B-3) 
Thickness, in. 0.028 
Weight, g 13.6677 
Size, cm2 78.1 
Weighthnit area, g/cm2 0.1750 
Sintering conditions : temperature, " C  900 
time, min 30 
Impregnation conditions: 
cathodized at 150 mA/cm2 
50% saturated Ni(NO3) 2 +H.NOs, 25% KOH at 25 "C, 
Cycle 1- 0.4868 
2- 0.3910 
3- 0.3677 
4- 0.3528 
Weight Gain, g 
Cycle 5- 0.3221 
6- - 
7- - 
8- - 
Total : 1.9204 
Weight active m a t e r i a l h i t  area, g/cm2 
Weight active material/unit volume, g/cm3 0.351 
Total weighthnit area, g/cm2 : section A- 0.2004 
B- 0.1996 
C- 0.2017 
0.0246 
Theoretical capacity (section A), A hr/cm2 0.0104 
Measured Capacity 
A hr/cm2 0.0063 ( c  rate> 0.0079 A hr/cm2 (C/5 rate) 
A hr/cms 0.0893 
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DATA SHEET 
Impregnation P10 
Plaque S-23 ( 0 - 3 )  
Thickness, in, 0.028 
Weight, g 13.5793 
Size, cm2 77.0 
Weight/unit area, g/cm2 0.1764 
Sintering conditions : temperature, O C goo 
time, min 30 
Impregnation conditions: 
cathodized at 150 mA/cm2 
50% saturated Ni(NOs)2 +HNOs, 25% KOH at 80 OC, 
Weight Gain, g 
Cycle 1- 0.3703 Cycle 5- 0.3321 
2- 0.5641 6- - 
3- 0.3702 7- - 
4- 0.3563 8- - 
Total : 1.9930 
Weight active materialhnit area, g/cm2 
Weight active m a t e r i a l h i t  volume, g/cm3 0.366 
Total weighdunit area, g/cm2 : section A- 0.2067 
B-  0.1998 
C- 0.2038 
0.0258 
Theoretical capacity (section A) , A hr/cm2 0.0119 
Measured Capacity 
A hr/cm2 0.0059 ( C  rate) 0.0043 a hr (C/5 rate) 
A hr/cm3 0.0843 
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DATA SHEET 
Impregnation P11 
Plaque B-15 
Thickness, in. 0.026 
Weight, g 11.0980 
Size, cm2 76.3 
Weight/unit area, g/cm2 0.1455 
Sintering conditions : temperature, O C 900 
time, min 20 
Im re ation conditions: 
ca&oEed  at 150 mA/cm2 
50% saturated Ni(N0s)z +HNo3, 10% KOH at 80 OC, 
Cycle 1- 0.6127 
2- 0.5232 
3- 0.5098 
4- 0.4694 
Weight Gain, g 
Cycle 5- 0.4146 
6- - 
7- - 
8- - 
Total : 2.5297 
Weight active material/unit area, g/cm2 
Weight active material/unit volume, g/cmS 
Total weight/unit area, g/cm2 : section A- 0.1746 
B- 0.1770 
C- 0.1795 
0.0331 
0.502 
Theoretical capacity (section A) ; A hr/cm2 0.0115 
Measured Capacity 
A hr/cm2 0.0090 (C rate) 0.0086 a hr/cm2 (C/5 rate) 
A hr/cm3 0.1371 
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DATA SHEET 
Impregnation P12 
Plaque B-3 
Thickness, in. 0.026 
Weight, g 11.6445 
Size, cm2 77.0 
Weighthnit area, g/cm2 0.1512 
Sintering conditions : temperature, O C 900 
time, min 20 
Impregnation conditions: 
catbodized at 150 mA/cm2 
Saturated N i ( N 0 3 ) z  +HNOs, 10% KOH at 80 "C, 
Weight Gain, g 
Cycle 1- 0.9847 Cycle 5- 0.4638 
2- 0.9256 6- - 
3- 0.7526 7- - 
4- 0.6954 8- - 
Total : 3.8221 
Weight active materialhnit area, g/cm2 0.0496 
Weight active materialhnit volume, g/cm3 0.7516 
Total weighthnit area, g/cm2 : section A- 0.1973 
B- 0.1993 
c- 0.2000 
Theoretical capacity (section A) ,  A hr/cm2 0.0182 
Measured Capacity 
A hr/cm2 0.0107 (C rate) 0.0109 A hr/cm2 (C/5 rate) 
A hr/cm3 0.163 
- 36- 
DATA SHEET 
Impregnation P13 
Plaque B-12 
Thickness, in. 0.0275 
Weight, g 11.6732 
Size, cm2 76.3 
Weighthnit area, g/cm2 0.1530 
Sintering conditions : temperature, C 900 
time, min 20 
Impregnation conditions: 
cathodized at  150 mA/cm2 
Saturated N i ( N 0 3 ) 2  +HNOs, 10% KOH at 25 OC, 
Cycle I- 1.2822 
2- 1.0845 
3- 1.1402 
4- 0.8463 
Weight Gain, g 
Cycle 5- 0.7628 
6- - 
7- - 
8- - 
Total: 5.116 
Weight active materialhnit area, g/cm2 
Weight active material/unit volume, g/cm3 
Total weighthnit area, g/cm2 : section A- 0.2157 
B- 0.2271 
C- 0.2207 
0.0671 
0.960 
Theoretical capacity (section A) , A hr/cm2 0.0246 
Measured Capacity 
A hr/cm2 0.0161 (C rate) 
A hr/cm3 0.2035 
0.0159 A hr/cm2 (C/5 rate) 
- 37- 
DATA SHEET 
Impregnation P14 
Plaque C-4 
Thickness, in. 0.0258 
Weight, g 12.1394 
Size, cm2 77.0 
Weighth i t  area, g/cm2 0.1517 
Sintering conditions : temperature, O C 950 
time, min 20 
Impregnation conditions: Saturated Ni(NOs)2, 10% KOH at 80 "C; cathodized 
at 150 mA/cm2 
Weight Gain, g 
Cycle 1- 1.1158 Cycle 5- 0.6180 
2- 0.8793 6- - 
3- 0.7662 7- - 
4- 0.6758 8- - 
Total : 4.0551 
Weight active material/unit area, g/cm2 0.0527 
Weight active material/unit volume, g/cm3 0.804 
Total weight/unit area, g/cm2 : section A- 0.2101 
B-  0.2097 
C- 0.2133 
Theoretical capacity (section A),  A hr/cm2 0.0231 
Measured Capacity 
A hr/cm2 0.0150 ( C  rate) 
A hr/cm3 0.2289 
0.0122 A hr/cm2 (C/5 rate) 
- 38- 
DATA SHEET 
Impregnation P15 
Plaque B-9 
Thickness, in. 0.027 
Weight, g 11.5735 
Size, cm2 76.3 
Weight/unit area, g/cm2 0.1 51 7 
Sintering conditions : temperature, O C 900 
time, min 20 
Impregnation conditions: Saturated Ni(N0s) 2, 10% KOH at 80 OC; 
cathodized at 150 mA/cm2 
Cycle 1- 1.2289 
2- 0.9603 
3- 0.8034 
4- 0.7904 
Weight Gain, g 
Cycle 5- 0.5877 
6- - 
7- - 
8- - 
Total : 4.2707 
Weight active materialhnit area, g/cm2 
Weight active material/unit volume, g/cm3 
Total we igh th i t  area, g/cm2 : section A- 0.2047 
B- 0.2111 
C- 0.2131 
0.0559 
0.822 
Theoretical capacity (section A) , A hr/cm2 0.0209 
Measured Capacity 
A hr/cm2 0.0100 (C rate) 
A hr/cms 0.1480 
0.01 39 A hr/cm2 (C/5 rate) 
- 39- 
DATA SHEET 
Impregnation P16 
Plaque B-12 
Thickness, in. 0.0275 
Weight, g 12.0601 
Size, cm2 79.1 
Weighth i t  area, g/cm2 0.1525 
Sintering conditions : temperature, O C 900 
time, min 20 
Impregnation conditions: Saturated N i ( N 0 3 ) ~  25% KOH at 80 "Cy no 
cathodi za tion 
Cycle 1- 1.4656 
2- 1.0273 
3- 0.9882 
4- - 
Weight Gain, g 
Cycle 5- 2.3382 
6- - 
7- - 
8- - 
Total : 5.8193 
Weight active m a t e r i a l h i t  area, g/cm2 0.0735 
Weight active material/unit volume, g/cm3 1.053 
Total we igh th i t  area, g/cm2 : section A- 0.2226 
B- 0.2274 
C- 0.2266 
Theoretical capacity (section A) , A hr/cm2 0.0273 
Measured Capacity 
A hr/cm2 0.0158 
A hr/cm3 0.2262 
-40- 
DATA SHEET 
Impregnation P17 
Plaque B-9 
Thickness, in. 0.027 
Weight, g 11.5617 
Size, cm2 77.0 
Weight/unit area, g/cm2 0.1502 
Sintering conditions : temperature, "C 900 
time, min 20 
Impregnation conditions: Saturated N i ( N 0 3 )  2 ,  25% KOH at 80 "C, cathodized 
at 150 mA/cm2 
Cycle 1- 1.1743 
2- 1.0649 
3- 0.9058 
4- 0.7823 
Weight Gain, g 
Cycle 5- 0.6944 
6- - 
7- - 
8-  - 
Total : 4.6217 
Weight active material/unit area, g/cm2 0.0600 
Weight active material/unit volume, g/cm3 0.8817 
Total weighdunit area, g/cm2 : section A- 0.2100 
B-  0.2166 
C- 0.2184 
Theoretical capacity (section A) ,  A hr/cm2 0.0236 
Measured Capacity 
A hr/cm2 0.0148 (C rate) 0.0214 A hr/cm2 (C/5 rate) 
A hr/cm3 0.2184 
- 4 1 -  
DATA SHEET 
Impregnation P18 
Size, cm2 75.9 
Weight/unit area, g/cm2 0.2052 
Sintering conditions : temperature, O C 900 
time, min 30 
Impregnation conditions : Saturated Ni(  NOS) 2 ,  10% KOH at 80 O C, cathodized 
at 150 mA/cm2 
Weight Gain, g 
Cycle 1- 0.8223 Cycle 5- 0.5004 
2- - 6- - 
3- 1.1994 7- - 
4- 0.6054 8- - 
Total : 3.1275 
Weight active material/unit area, g/cm2 
Weight active material/unit VOlUme, g/cmS 
Total weight/unit area, g/cm2 : section A- 0.2403 
B- 0.2418 
c- 0.2239 
0.041 3 
0.439 
Theoretical capacity (section A), A hr/cm2 0.0139 
Measured Capacity 
A hr/cm2 0.0108 
A hr/cms 0.1514 
- 42 - 
DATA SHEET 
Impregnation P19 
Plaque B-3 
Thickness, in. 0.026 
Weight, g 11.5260 
Size, cm2 77.0 
Weight/unit area, g/cm2 0.1497 
Sintering conditions : temperature, O C 900 
time, min 20 
Impregnation conditions: Saturated N i ( N 0 3 ) z  +HNO3, 25% KOH at 80 " C ,  
no cathodization 
Cycle 1-  1.7070 
2- 0.9434 
3- 1.0381 
4- 0.9845 
Weight Gain, g 
Cycle 5- 0.7912 
6- - 
7- - 
8-  - 
Total : 5.4642 
Weight active m a t e r i a l b i t  area, g/cm2 0.0710 
Weight active material/unit volume, g/cm3 0.1070 
Total we igh th i t  area, g/cm2 : section A- 0.2187 
B- 0.2242 
C -  0.2239 
Theoretical capacity (section A ) ,  A hr/cm2 0,0273 
Measured Capacity 
A hr/cm2 0.0107 
A hr/cm3 0.1618 
- 43 - 
DATA SHEET 
Impregnation P20 
Plaque 13-15 
Thickness, in. 0.026 
Weight, g 11.0644 
Size, cm2 77.0 
Weight/unit area, g/cm2 0.1437 
Sintering conditions : temperature, O C 900 
time, min 30 
Impregnation conditions: Saturated Ni(NO3) 2 ,  25% KOH at 80 "C, 
cathodized at 75 mA/cm2 
Cycle 1- 1.1359 
2- 0.9310 
3- 0.8241 
4- 0.7596 
Weight Gain, g 
Cycle 5- 0.6275 
6- - 
7- - 
8- - 
4.2781 Total : 
Weight active material/unit area, g/cm2 0.0611 
Weight active material/unit volume, g/cm3 
Total weight/unit area, g/cm2 : section A- 0.1976 
B- 0.2039 
C- 0.2009 
0.923 
Theoretical capacity (section A ) ,  A hr/cm2 0.0142 
Measured Capacity 
A hr/cm2 0.0108 
A hr/cm3 0.1630 
- 44 - 
Appendix I1 
IMPREGNATION O F  NEGATIVE PLATES 
- 45 - 

DATA SHEET 
Impregnation N1 
Plaque C-16 
Thickness, in. 0.0266 
Weight, g 12.2964 
Size, cm2 77 
Weighthnit area, g/cmz 0.1597 
Sintering conditions : temperature, O C 950 
time, min 20 
Impregnation conditions: 
cathodized at 150 mA/cm2 
Saturated Cd(N0s)z +HNOs, 25% KOH at 80 OC, 
Weight Gain, g 
Cycle 1- 1.7766 Cycle 5- 1.3393 
2- 1.5214 6- - 
3- 1.5717 7- - 
4- 1.5233 8-  - 
Total: 7.7323 
Weight active materiaVunit area, g/cm2 
Weight active material/unit volume, g/cm3 1.485 
'Total weighthnit area, g/cm" : section A- 0.1018 
B- 0.1121 
c- 0.1021 
0.1002 
Theoretical capacity (section A ) ,  A hr/cm2 0.0445 
Measured Capacity 
A hr/cm2 0.0337 
A hr/cm3 0.4994 
- 47 - 
DATA SHEET 
Impregnation N2 
Plaque C-13 
Thickness, in. 0.0253 
Weight, g 12.0576 
Size, cm2 77 
Weighthnit area, g/cm2 0.1566 
Sintering conditions : temperature, e C 950 
time, min 20 
Impregnation conditions: Saturated CdiNOs) 2 f H N 0 3 ,  25% KOH at room 
temperature, cathodized at 150 mA/cm 
Cycle 1-  1.3189 
3.1803 
3- 
4- 1.1469 
Weight Gain, g 
Cycle 5- 0.7625 
6- - 
7- - 
8-  - 
Total : 6.4086 
Weight active materialhnit area, g/cm2 
Weight active material/unit volume, g/cmS 
Total weight/unit area, g/cm2 : section A- 0.0869 
B- 0.0871 
C- 0.0864 
0.0834 
1.295 
Theoretical capacity (section A) , A hr/cm2 0.0364 
Measured Capacity 
A hr/cm2 0.0264 
A hr/cm3 0.4102 
- 48 - 
DATA SHEET 
Impregnation N3 
Plaque C-1 
Thickness, in. 0.0256 
Weight, g 12.3782 
Size, om2 77 
Weight/unit area, g/cmz 0.1608 
Sintering conditions : temperature, O C 950 
time, min 20 
Impregnation conditions : Saturated Cd( NOS) 2 i- FINO3, 25% KOH at  80 "C, 
no cathodization 
Cycle 1- 2.1636 
2- 2.1848 
3- 1.5270 
4- 0.7207 
Weight Gain, g 
Cycle 5- 0.8446 
6- - 
7- - 
8- - 
Total : 7.4407 
Weight active material/unit area, g/cmz 0.0967 
Weight active material/unit volume, g/cm3 
Total weighdunit area, g/cmz : section A- 0.0915 
B- 0.0971 
C- 0.0950 
1.485 
Theoretical capacity (section A), A hr/cm2 0.0354 
Measured Capacity 
A hr/cm2 0.0272 
A hr/cm3 0.4181 
- 49- 
DATA SHEET 
Impregnation N4 
Plaque C-1 
Thickness, in. 0.0256 
Weight, g 12.3782 
Size, cm2 77 
Weight/unit area, g/cm2 0.1608 
Sintering conditions : temperature, " C  950 
time, min 20 
Impregnation conditions:2 Saturated Cd(N03)2 +HNOs, 25% KOH at 80 OC, 
cathodized at 75 mA/cm 
Cycle 1- 1.9191 
2- 1.4624 
3- 
4- 
2.3882 
Weight Gain, g 
Cycle 5- 0.9975 
6- - 
7- - 
8- - 
Total : 6.7672 
Weight active material/unit area, g/cm2 
Weight active material/unit volume, g/cm3 1.353 
Total weight/unit area, g/cm2 : section A- 0.0904 
B- 0.0920 
C- 0.0870 
0.0879 
Theoretical capacity (section A) , A hr/cm2 
Measured Capacity 
A hr/cm2 0.0240 
A hr/cmS 0.3725 
- 50- 
DATA SHEET 
Impregnation N5 
Plaque C-7 
Thickness, in. 0.0257 
Weight, g 12.0235 
Size, om2 77 
Weigh th i t  area, g/cmz 0.1562 
Sintering conditions : temperature, "C 950 
time, min 20 
Impregnation conditions : 
cathodized at 150 mA/cm2 
Saturated Cd( NOS) 2 , 25% KOH at 80 O Cy 
Cycle 1- 1.7837 
2- 1.7529 
3- 2.0334 
4- 0.5343 
Weight Gain, g 
Cycle 5- 1.0245 
6- - 
7- - 
8-  - 
Total : 7.1 308 
Weight active materialhnit area, g/cm2 0.0925 
Weight active material/unit volume, g/cm3 1,418 
Total weighthnit area, g/cm2 : section A- 0.0909 
B-  0.1007 
c- 0.1019 
Theoretical capacity (section A),  A hr/cm2 0.0438 
Measured Capacity 
A hr/cm2 0.0338 
A hr/cms 0.5192 
- 51-  
DATA SHEET 
Impregnation N6 
Plaque C-7 Size, cm2 77 
Thickness, in. 0.0257 Weight/unit area, g/cm2 0.1580 
Weight, g 12.1678 
Sintering conditions : temperature, O C 950 
time, min 20 
Impregnation conditions : 
cathodization 
Saturated Cd( NOS) 2 ,  25% KOH at 80 O C ,  no 
Weight Gain, g 
Cycle 1- 1.9306 Cycle 5- 0.4551 
2- 1.9016 6- - 
3- 1.6333 7- - 
4- 0.5429 8- - 
Total : 6.4635 
Weight active material/unit area, g/cm2 0.0840 
Weight active m a t e r i a l b i t  volume, g/cms 
Total weight/unir area, g/cm2: section A- 0.0815 
B- 0.0834 
c- 0.0891 
1.285 
Theoretical capacity (section A), A hr/cm2 0.0307 
Measured Capacity 
A hr/cm2 0.0197 
A hr/cms 0.3003 
- 52 - 
DATA SHEET 
Impregnation N7 
Plaque C-10 
Thickness, in. 0.0266 
Weight, g 12.2213 
Size, cm2 77 
Weight/unit area, g/cm2 0.1587 
Sintering conditions : temperature, O C 950 
time, min 20 
Impregnation conditions: 
80 O C ,  cathodized at 150 mA/cm2 
50% saturated Cd(N0s)z +HNOs, 10% KOH at 
Weight Gain, g 
Cycle 1- 1.4377 Cycle 5- 0.7642 
2- 0.8632 6- - 
3- 0.8463 7- - 
4- 0.8353 8- - 
Total : 4.7467 
Weight active materialhnit area, g/cm2 0.0616 
Weight active material/unit volume, g/cm3 0.910 
Total weight/unit area, g/cm2 : section A- 0.0576 
B- 0.619 
C- 0.679 
Theoretical capacity (section A) , A hr/cm2 
Measured Capacity 
A hr/cm2 0.0074 
A hr/cms 0.1103 
- 53- 
DATA SHEET 
Impregnation N8 
Plaque C-10 Size, cm2 77 
Thickness, in. 0.0266 Weighth i t  area, g/cm2 0.1570 
Weight, g 12.0895 
Sintering conditions : temperature, C 9 50 
time, min 20 
Impregnation conditions: 50% saturated Cd(N03)2, 10% KOH at 80 "C, 
cathodized at 150 mA/cm2 
Cycle 1- 1.0379 
2- 1.2012 
3- 0.9889 
4- 0.8649 
Weight Gain, g 
Cycle 5- 0.8784 
6- - 
7- - 
8- - 
Total : 4.9713 
Weight active material/unit area, g/cm2 0.0645 
Weight active material/unit volume, g/cm3 0.955 
Total weight/unit area, g/cm2 : section A- 0.0669 
B- 0.0739 
C- 0.0669 
Theoretical capacity (section A ) ,  A hr/cm2 
Measured Capacity 
A hr/cm2 0.0101 
A hr/cm3 0.1486 
- 54 - 
Appendix I11 
ELECTROCHEMICAL IMPREGNATION 
- 5 5 -  

DATA SHEET 
Impregnation EP3 
Plaque B-6 
Thickness, in. 0.0243 
Weight, g 11.1700 
Size, cm2 77.0 
Weight/unit area, g/cm2 
Sintering conditions : temperature, *C 900 
time, min 20 
Impregnation conditions : Cathodization at 5 mA/cm2 for 16 hr in 0.3M 
Ni(NOs)2 at 25 "C 
Cycle 1- 
2- 
3- 
4- 
Weight Gain, g 
Cycle 5- 
6- 
7- 
8 -  
Total : 3.8821 
Weight active m a t e r i a l b i t  area, g/cm2 0.0504 
Weight active material/unit volume, g/cm3 0.8195 
Total w e i g h t h i t  area, g/cm2 : section A- 0.0553 
B- 0.0512 
C- 0.0504 
Theoretical capacity (section A) ,  A hr/cm2 0.0187 
Measured Capacity 
A hr/cm2 A-0.0097, C-0.0155 
A hr/cm3 A-0.1579, C-0.2504 
- 57-  
DATA SHEET 
Impregnation EP6 
Plaque C-13 Size, cm2 22.8 
Thickness, in, 0.0258 Weight/unit area, g/cm2 0.1338 
Weight, g - 
Sintering conditions : temperature, OC 950 
time, min 20 
Impregnation conditions: 
4h4 Ni(N0s)z 
10 min at 0.340 A/cm2, 5 min at 0.570 A/cm2 in 
Cycle 1- 
2- 
3- 
4- 
Weight Gain, g 
Cycle 5- 
6- 
7- 
8- 
Total : 
Weight active materialhnit area, g/cm2 0.0629 
Weight active material/unit volume, g/cms 
Total weighthnit area, g/cm2 : section A- 
B- 
C- 
1.0228 
Theoretical capacity (section A ) ,  A hr/cm2 0.0234 
Measured Capacity 
A hr/cm2 0.0153 
A hr/cm3 0.2344 
- 58- 
DATA SHEET 
Impregnation EP7 
Plaque C-13 
Thickness, in. 0.0258 
Weight, g 6.0140 
Size, cm2 38.5 
Weighthnit area, g/cm2 0.1338 
Sintering conditions : temperature, " C  950 
time, min 20 
Impregnation conditions : 0.50 A/cm2 for 10 rnin in 4M Ni ( NOS) 2 
Cycle 1- 
2- 
3- 
4- 
Weight Gain, g 
Cycle 5- 
6 -  
7- 
8- 
Total : 
Weight active m a t e r i a l h i t  area, g/cm2 0.0479 
Weight active m a t e r i a l b i t  volume, g/cm3 0.731 3 
Total weight/unit area, g/cm2 : section A- 
B- 
C- 
Theoretical capacity (section A) , A hr/cm2 0.0178 
Measured Capacity 
A hr/cm2 0.0082 
A hr/cmS 0.1255 
- 59- 
DATA SHEET 
Impregnation EP9 
Plaque P-10 Size, cm2 39.2 
Thickness, in. 0.0307 Weight/unit area, g/cm2 0.1652 
Weight, g 6.4779 
Sintering conditions : temperature, C 1000 
time, min 10 
Impregnation conditions: 0.50 A/cm2 for 5 min 
Cycle 1- 
2- 
3- 
4- 
Weight Gain, g 
Cycle 5- 
6- 
7- 
8- 
Total : 
Weight active m a t e r i a l b i t  area, g/cm2 0.0497 
Weight active material/unit volume, g/cm3 0.6372 
Total weighthnit area, g/cm2 : section A- 
B- 
C- 
Theoretical capacity (section A), A hr/cm2 0.0184 
Measured Capacity 
A hr/cm2 0.0092 
A hr/cms 0.1186 
- 60- 
